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The 5' miiii<eI1<»qbQ l?£El assay aJattocto Ofeo 

acc«Brai!oOatiJ<B>ti» fitfapxsgJIJlte CCOt po-cuDmcd 
by hyfiwrBdUzcroUJoiiro amrofl <sl]<eav5!gie ©IF a 
doiiblQollEilbialQtiO ' 03njiffli?i6)|joiule prob<s 
durioag ftOje amrapOiiinicaftJoini f«q<es1I©(jd. 
Tfco (pPdlbffi Os aire <9>ll2i©(ra<a«DQ<!»ttliiS(2 KrtttOt 

quatoetiiQP <atye GsOtofiOtnasfl. An OneFoasa 
In csapairaQp <Bot(0>reacen£ffi Omteraaftry Ocro- 
dketefi OSoqG QDie probe Unas (hybridized 
to iflia topgi&ft PCS pirodsael ernd Dia» 
been cleaved fey ftfoie 5' — *3' nude- 
oljfftOc QCftDwaftj; atf FiSitj GSWA QMflyimiarastB. 
On ftSs5o oftoudlyj probss raOttDt (the 
4|ljeW<Elhcp aOyo aiiGfijcSoo^l 6® GIB Ifltftemall 
nucHeeSilirfie weire cotsapEipacS «yfltfQ» 
protean rollfe: the qmemistsai? <alj«3 aa- 
ttscfliiecsfl S<s> SthiG S'-amd jo!!]<s[te®ltl!fsD<s. Ota qU 
eases, Siha (rap©!?!©? <$y<g was Q&tos!he<i0 
to alhia £' q®$, aid Intact ptrobas 
tOiowecll sjjiuieRglhOfiig ©7 afioe irejwpaaF 
jIuoFoscGirtce. Dro gsEKScaD, probes wHaSa 
the quencher dya Qft&aclhed Go tSio 3'- 



naO tea (tfljo 5' njjgloEiQe PSK assay Miaou 
the ImftenniaJly DotoeOod |«>irts>be&. Ott Ds 

caused toy Onfcre&fcull. {t^DSStuDxuxsO wff 
c8esv£j©a fey 7sj<g ©MA pxaHycwecflise 
when note jpimtoe Is DtybrSdUasdl a© a 



wlldt fllte ijjueotKsOiieir oflj^e eta«id)i<edl to 
the S'-siroitfl ojeflcOtaaftyia also autlhllbll&sdl 
an Incirofiise 8w rapac-tot* ^liu<»irQii<L<aiK)<tQ 
OnlUanoltly wtwcoii HtylbirBiillflscMil to a <£©iroti- 
0»0«jwaiolLairy olfoiioafl. "irQnaasv a>!lllg;©iMiso<i||«- 
otldes wBft&i cejpw&sr annail ajoaaiAKtihQir 
dyeis atttodhiscS aft a»p|jD«»ol(te ooodlc «<siw 
Ojq qdoqeS qd (hw»nira«J2)eOT(3©tao (bybirOidllkaa- 



A, 



i homogfneout: m-jsay for <ict«ic(|ng 
it iv mxiiirmlatiuii of specific KJR prod- 
uct that us«s a double-labeled fluoro- 
genie probe was dcscribvtl by Lee et al.'" 
The assay exploits the 5' • > 3' nude- 
olyilc activity of 'fag DNA poly- 
nieioae <7 ,,> and Js diagramed In Wgure 1. 
The fluoiogenit; niubti foriKists of an oli- 
gonucleotide, wild u reporter fluorescent 
dye, >uvli as a fluoil'kU'lll, attached TO 
ihr S' end; und a quencher dye, such as a 
rhodaminc. aitaclied internally. When 
the tluoresceln is excited by Irradiation, 
Us fluorescent cmiisloit will be 
quenched if the ilimlamine b close 
enough to be cxclicd through the pro- 
cess of auureacGiu.v energy transJef 
(MC ^m.s) Durillg pcR, if the probe is hy- 
bridl7X«l to a template >haml, Tciq DNA 
polymerase will cleave ihe probe be- 
cause of its Inherent ,V 3' nudeolytic 
activity, if the cleavage occurs between 
the fluorescein and fhodamlnc dyes, it 
onuses an increase in fluoicsvvin fluores- 
cence intensity because the fluoreM-ein 
is no longer quenched. Tlie increase in 
fluorescein fluorescence Intensity Indi- 
cate* ihul llio probe-specific I*CR product 
has Ijirtm {;eriernted. Thus, PET between a 
ie|Hiiici dye and a quencher dye Is criti- 
cal to the performance of llir piobe in 
the 5' ii ul lease PCR avsay. 

Quenching is t-ompletely dependent 

e>n the ]>hy«ical jirOfcimity of the two 
dyc*.* ft> Because of this, It has Iw-uii as- 
sumed that the quencher dye mu»l be 
attached nesi the 5' end. Surprisingly, 

we have found that attaching a rho- 
Uaiiiinc dye at lire 3* uud of a piolie 



PCIXossay. l"UKhermore, cleavage of this 
type of probe. >.s not required to achieve 
some reduction In quenching. .Oligonu- 
cleotides with a reporter dye on the V 
end and a quencher dye on the 3' end 
exhibit a much higher reporter fluores- 
cence when dnuplc-stranded as com- 
pared with single-stranded. Tliis should 
make it possible to use this type of dou- 
ble-labeled probe for nomogeneous de- 
tection of nucleic acid hybridization. 



Table 1 shows the nucleotide sequence 
of the oligonucleotides used In this 
study. Linker arm nucleotide (LAN) 
phcttphorernidftc was obtained from 
Cilcn Research. The standard 1>NA plios- 
phoramiditcs, 6-carboxyfluorcscein (6- 
FAM) phosphoraniidite, (i-carboxytet- 
ramcthylrhodanilne succinlmldyl ester 
(TAMRA NHS Cster), and Phosphalihk 
for attaching a H'-blocking phosphate, 
were oDtalncd irom Prrkln-Elmer, Ap- 
plied blosystems Division. Oligonucle- 
otide synthesis was performed using an 
AB! model 394 una svnthcslter (Applied 
Dlosystems). rTimer and complement 
ollgonutleotides were purified using 
Ollgo ruriric-ation Cartridges (Applied 
Blosysleim). Di/ublc-lulH-.li-.d jimbes were 
-lynUiohcxi with d-MM-labeled phos- 
phwidiiiidilc at the A' und, JAN replacing 
one of thvTs In the sequence, and I'hos- 
phalink at the 3' end. Following de- 
piotto.tloii «iul rUjiinol precipitation, 
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FICUBE 1 Diagram of 5' nuclease assay. Stepwise representation of ttie 5' -» 3' nucteutytic ac- 
tivity of 7&(? UNA polymerase actlns on a fluwroRcnit probe durliiK oik- extension phase of J't JR. 



him Na-blcarbonatc buffer (pi 5 9.0) at 
room temperature. Utucactcd dye was 

icmuvcU by piuMgt: over a I'D-10 Scpllfl' 

dcx column. Finally, the double-labeled 
probe was purified by preparative high- 
pcrfurmance liquid chromatography 
(I WW.) using an Aquaporc C K 220x4.6- 
miu column with 7-j».m particle siec. The 
column was developed with a 24-mln 
linear gradient of $-20% acctonitrlle in 
0.) m TEAA (trkthylomlne acetate). 
Probes are named by designating the se- 
quence from Tabic 1 and the position of 
the UN-TAMRA moiety. I'or example, 
probe Al-7 has sequence A1 with fAN- 
TAMRAat nucleotide position ? from the 
.V end. 



All l*CR amplifications were- performed 
in the Perkin-ElmoE CcncAmp PCJR Sys- 
tem ilfcOU using SO-mJ reactions thai con- 
tained 10 mM Tris-HOl (pIS 8.3), 50 him 
KCI, 200 $lm dA-lT, 200 (am dCil', 200 »M 
dCTP, 400 |im dUTP, 0.5 unit of AmpEr- 
ase uracil N-glycosylase (Porkln^Elmer), 



gene (nucleotides 2141-243S in the se- 
quence of Naha|lina-Il|lma ci a!.) 171 vvas 
amplified using punier* AM* and ARP 
(Table 1), which are modified slightly 
from those of du Brcull ct al, W) Actln am- 
plification reactions contained 4 niM 
MgU-* 20 ng of human genomic J>NA, 
SO nM Al or A3 probe, and 300 nM each 



TABLE 1 Sequences of Oligonucleotides 



primer. The thermal regimen was SCO 
(2 mln), (10 mln), 40 eyelet of 9.ST 
(20 sec), 60»C (1 mln), and hold at 72°C. 
A 315-np segment was amplified from a 
plasmld that consists nl a segment ol X 
UNA (nucleotides 32,220-32,747) in- 
serted in the Smal situ of vector pUCl 19. 
These reactions wiUulmtU 3.S ium 
M R l : la« 1 "S of plusmfd UNA, 50 riM YZ or 
PS probe, 200 mm primer PI 10, and 200 
tiM (/luner R119. The thermal regimen 
Was 50*C (2 mln). (10 mln), 25 cy- 
cles of (20 sec), 57°C (J mln), and 
hold at 72*C, 



For each amplification reaction, a 40-ixl 
aliquot of a sample was transferred to an 
Individual well of a white, SWUwoll micro- 
titer plate (Perkin-lilmer). Fluorescence 
was measured on the Pcrkin-Elmef Toq- 
Man UJ-5011 System, which consists of a 
luminescence, spectrometer with plale 
reader assembly, & <9B5-nm excitation fil- 
ter, and a Sl.Vnm emission filter. Exelta. 
Hon was at 488 nm using a Vnm slit 
width. Emission was measured at S18 

nm for 6-l!AM (the reporter or H value) 
and £82 nm for TAMllA (the quencher or 
Q value) using a 10-nm silt width. To 
determine the Inticasc in lepoitei emis- 
sion that Is caused try cleavage of the 
probe during POR, three normalizations 
aie applied to the raw emission data. 
First, emission Intensity of a buffet blank 
Is subtracted for each wavelength. Sec- 
ond, emission intensity of the. reporter Is 



N&me 


'type 


Sequent*'. 


P119 


prlmei 


ACarACAGOAACTCArCACCACTC 


KJ19 


prlmvT 


AixjrcocGTrccxKJcrir.ArxnTcnciC 


P3 


probe 


•|OG<^TiACI , 0A'l'CC"nx;cCAACCACTp 


rat: 


complement. 


CTACrGGTlXJOCAACXJATCAtrTAATGCOATG 


PS 


probe 


COOArriGCiXjOTAraATCACAACCATp 


l'5C 


coinplomciit 


WATcxrmrrcATACATA«^OCAAAiccc 


AM* 


primer 


TCACCCACACTGTGCCCATCTACQA 


ARr 


primer 


CAOCCKMAl X XKJK MTIXKX'AATOU 


Al 


probe 


ATXX^CrCCCCCATC C-CAlCCnyCCTy 


Air. 


complement 


AtMtxie»t;<{A'tt:<:<»n:i;c:t;t;A<K;7«i*tTAC 


A3 


piol>c 


CtKXXniGOACl'rCCAOCAArSAOAlj. 


A5C. 


cumpleiiicut 


CrATCrCTTOCrCQAAOTCCACiOGCCJAC 



Tor each ollRonuclcuridc used In tills study, the nucleic add sc<jy«iiv Is glvcii, written in trie 
S' » 3' dirwtion. Thtie are Ihrer types of oligonucleotides: PCR primer, fluorogenlc probe used 
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A1-2 aAQOM.rrl ^^'K-JlT A7"CCTttC-GTw 

A1 ^iwcv3vccwA'ioceATCv§oc&-Jv 



Pfobo 


GIB nm 


682 nm 




«&• 


ARQ 








no Qomtx 


4 temp. 








At-8 


29.6 & Z.1 


32.7 4 1.0 


3&2it 8.0 


36 J J S.O 


0£7 * 0.01 


0.80 i COS 


o.iodo.oc 


Ai.r 


63.0 4 0.3 


308. ( Sl21.4 


108.6 R- 64 


1 103 * S.3 


040 <? 0.03 


a.S8»o.i7 


3X10 9 0.18 


AL14 


1270*4.0 


403.5* td.1 


166.? ±6.3 


93.1 J 6.3 


1 I6d0.es 


4.3410.18 


3.IS4 0.1S 


A1-19 


187.5* 17.9 


«w.7:t 7.7 


70.3 i 7.1 


73.0 a 9,0 


3,67 i O.OS 


6.00 J. 0.16 


3,13 d 0,16 


A1-22 


S24.C J 0.4 


4BC,1> ± 43.8 


100.014.0 




CSS a. 0.03 


5.0210,11 


C77 10.18 


A1-28 


160.2 i Q.8 


1 VSA 


*!>.4 






i>.U1 ±0.08 


3£HS0.U8 



flCURE 2 R«ulu of 5' iiuclravr • t.injwriiif; p-aetln probe > with TAMRA at different micle 
otlde positions. As described In Materials and Methods, I'fJt amplifications containing the In- 
dicated probe! were performed, and the fluorescence emission was measured at SIS and 582 nm. 
deported values an? the avcra&c*1 s.o, for tlx reactions ron without added template (no temp.) 
ami six reactions run with template ( l temp.). The RQ ratio was calculated fot each individual 
paction and averaged to give the reported RQ" end HQ 1 values. 



aivicieU by the emission intensity uf (he 
quencher to give an RQ ratio for cadi 
leaction tube. Tills normall7.es tor well- 
to-well variations in probe concentra- 
tion and fluorescence measurement. Pi* 
nally, &RQ is calculated by subtracting 
tuc KQ value of the no-template control 
(RQ") from the KQ value for the cx»m- 
plCtc reaction including template 
(RQ'). 

mum 

A series of probes with increasing dis- 
tances between the fluorescein rvportei 
and rhodaml tie quencher were tested to 
investigate the minimum and maximum 
spacing that would give an acceptable 
performance in the 5' nuclease PCR as- 
say. Tnese probes hybridize to a target 



.•sequence in the human p-actin gene. 
Ilguic 2 shows the results of on expert, 
mtrnt in wliich these- probes were In- 
cluded' in PCR thai amplified a segment 
of the fS-iu'tiii gertti containing the Uigct 
sequence- I'eifoiiiitnice hi the 5' nu- 
clease PCR assay is monitored Iry the 
magnitude of ARQ, which is a measure 
of the Increase in reporter fluorxwyive 
mused by PCR amplification of the 
probe target. Probe Al-2 has a ARQ value 
that is close to Indicating that the 
probe was noi cleaved appreciably dur- 
ing the amplification reaction, This aug- 
Kc»l» thai with the quencher dye on the 
sevuud nucleotide from the &' end, there 
is insufficient room foi Tutj polymerase 
to vIcbvc efficiently between the reporter 
and quciichei. The other five probes ex- 
hibited comparable AKQ values thai are 



clearly different from zero. Thus, oil ftvc 
probes arc bcfnfi clc«vrd during am- 
jillficatioii loulUng in a similar Increase 
ill reporter fluorescence. It should he 
noted thflt complete digestion of a probe 
produces a much larger increase in re- 
porter fluorescence Uisn that observed 
in Figure 2 (data not shown). Titus, even 
in reactions where amplification occurs, 
the majority of probe molecules remain 
unclcaved.. It is mainly for this reason 
(hat the fluorescence Intensity of the 
quencher dye TAMRA changco little with 
amplification of ihc targei. This is whal 

allows us to U»e the 582-nm fluorescence 
reading as a normalisation factor. 

The magnihinV of RQ" nVppnrls 
mainly on the quenching efficiency in- 
herent in the. specific, stnicture ol the 
probe and the purity of the oligouucle 
otide. Thus, the larger RQ~ values Indi- 
cate that probes Ai-14, aj-19, Al-22, nnd 
Al-26 probably have reduced quenching 
as compared with Al-7, Still, the degree 
of quenching is sufficient to detect a 
highly significant lna-«as<i In reporter 
fluorescence when each of these probes 
ia cleaved during PCR. 

To further investigate the ability of 
TAMRA on the 3' end to quench fi-PAM 
on the 5' end, three additional pain of 
probes were tested in the 5' nuclease 
PCR assay. Pot each pair, one probe has 
TAMRA attached to nn internal nucle- 
otide mtd Uic tjthei has TAMRA attached 
to the 3' end nucleotide. The results are 
shown In Tabic 2. hor all three, sets, the 
probe with the 3' quencher exhibits u 
&RQ value that is considerably JiiRhei 
than for Uic probe with the Internal 
quencher. The HQ* values suggest ihof 
differences In quenching ere not as great 
as those observed with some of the Al 
probes. These results demonstrate that 0 
quencher dye on the 3' end of an oligo- 
nucleotide can quench efficiently the 



TABLE 2 Results of V Nuclease Assay Comparing Probes with TAMRA Attached to an Internal or ^'-terminal Nucleotide 



618 nm 



582 nm 





Crobe 


no temp. 


+ timp. 


ltd leuip. 


+ temp. 


RQ 


RQ' 




A'.: 


. A3-6 
A3-24 


54.6 i 3.Z 
72.1 * 2.9 


84.8 s 3.7 
236.5 1 11.1 


116^ a 6.4 

84 .2 * 4.0 


Uh.b j. 2.5 
90.2 x 3.8 


0.47 a 0.02 
0.86 0.02 


0.73 i 0.OH 
2.62 ± 0.05 


DM ± 0.04 
1.76 ± 0.05 


the 


1*2-7 
1*2-27 


82.B a. 4.4 
1 13.4 i 6.6 


384,0 ±34.1 
55S.4 * 14.1 


10S.J X 6.4 
140.7 * 8,9 


120.4 * 10.Z 
118.7 2:4.8 


0.79 1 0.02 
0,81 ± 0X11 


3.19 * 0.16 
4.68 * 0.10 


a.40;< O.K. 

3.88 t 0.10 


ifd 
the 
ill. 


l*S-10 
P5-28 


77.5 ± 6-S 
. 64.0 ± S.Z 


244.4 a 16.9 
333.6 ± 121 


86.7 i 4.3 
1(K).6 * 6.) 


9S.8 •*• 6.7 
94.7 2 6.3 


0.S9 x 0X15 
0-63 ± 0.02 


iS5?. 0.06 
3.43 rt 0.12 


1.66 ± 0.08 
289 i 0.13 






mw%*^« o nrl r 


-aUi.uiions were nerformcd us described In Materlol •>•••! Methods and in the legend to Pig. 2. 
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fluorescence of a reporter tlyc on the S' 
end. The degree of quenching is iuffi* 
Cieut for lliio type; of oligonucleotide to 
he used as a probe in the .V nuclease PCR 
assay. 

To test the hypothesis that quenching 
by a V '1'AMRA depends on the flexibility 
of (he oligonucleotide, fluorescence was 
mcasmod fur prubi-s In the single- 
Stranded and double strandt-.d states. Tft- 
hl<» A roporls (he fluorescence observed 
at 518 and SS2 Jim. The relative degree 
of quenching Is assessed by calculating 
the RQ ratio, ltor probes With TAMRA 
<v-lO nucleotides from the S' end, there 
Is little difference In the RQ values when 
comparing sinKle*sirandcd with double- 
stranded oligonucleotides, The results 
for probes with TAMRA al the 3' end are 
much different. For these probes, hy- 
bridisation to a complementary strand 
causes a dramatic Increase in HQ. We 
propose that this loss of quenching Ik 
caused by the rigid structure, of double- 
Stranded UNA, which prevents the 5' 
and 3' ends from being in proximity. 

When TAMRA is placed toward the 3' 
end, there Is a marked Mg a 1 effect on 
quenching. Figure 3 shows a plot of ob- 
served RQ values for the Al series of 
prob«s as a function of Mg 2H concentra- 
tion. With TAMRA attached near the 5' 
end (prohe A 1-2 or Al-7), the RQ value at 
0 niM Mg 2 " is only Slightly higher than 
RQ at 10 iriM Ms* ' . 1'of probes A1.19, 
A) -22. and Al-26, the RQ values at 0 mtu 
Mg'-* are very high. Indicating a much 



reduced quenching efficiency. For eneb 
of these probes, there |* « marked de- 
crease in HQ at 1 jhm Mg' ' followed by 
u gradual decline as the Mg* 1 wiiccn- 
trution increases to 10 dim. 1'iuUe A1-14 
shows an intermediate RQ value at 0 dim 
Ms'" 1 with a gradual decline at hlgner 
COiKciilialliiiis. In a low-sail en- 
vironment with no Mg J " present, a sln- 
gle-.slranded oJigonui'litoilOc would be 
cxo*ctcd to adopt an extended confor- 
mation because of electrostatic repul- 
sion. The binding of Mg a+ lom act* lo 
Shield the negative charge of the phos- 
phate backbone so that the oligonucle- 
otide can adopt conformations where 
thft 'A' end is close to the 5' end. There- 
fore, the observed Mg z ' effects support 
the notion that quenching ol a 5* re- 
porter dye by TAMRA at or near the 3' 
end depends on the flexibility of the oli- 
gonucleotide. 



Thf striking finding of this study is that 
it seems the riiodamlne dye TAMRA, 
placed at any position in an oligonucle- 
otide, can quench the fluorescent emis- 
sion of n fluorescein (6-l ; AM) placed at 
the. 5' end, This implies that a sin&k- 
stranded, double-labeled oligonucle- 
otide must be able to adopt conforma- 
tions where the TAMRA Is dose to the 5' 
end. It should lie noted that the decay of 
6-l'AM in the excited state requires a cer- 
tain Amount of time. Therefore, what 



TABLE 3 Comparison of PluorcAcc.Kc Rmiwiuus of singfc-.'itranciccl and 
Double-*4r*ndcd Fluorogenk Probes 



518 nm 



587. nm 



RQ 





00 




»» 


Us 


SS 


as 


At-V 


27.75 


68.53 


61.08 


13R.18 


0.45 


11.50 


Ab26 


43.31 


509.38 


53.50 


93.86 


0.81 


5.43 


A3-6 


16.7S 


62.88 


39.33 


16S.S7 


0.43 


0.38 


A.V24 


30.05 


S7BM 


67.7?. 


140.25 


0.45 


3.21 


n-i 


35.02 


70.1.1 


.VJ.63 


121.09 


0.64 


0.58 


17-27 


39.119 


320.47 


65.10 


61.13 


0.6J 


S.2S 


rs-io 


27.34 


144.65 


01.95 


165.54 


0.44 


0.67 


PS-2fl 


33.65 


462.29 




104.61 


0.46 


4.43 



(ss) single-stranded, Ihe fluorescence emissions at 518 or 582 nm for solutions containing a final 
concentration of 50 nM Indtcaled probe, lo inM i ris-iid (pH 8.3), 50 »im KG. and 10 dm MgCV 
(ds) Double-htnuidi-d. Th« solutions contained, in addition, 100 nM All": f«T pmhrs Al-7 and 
A1-Z6, l00nMA3Cfoi probes A3-6 andA3-24. 100 mWL: hn pmljes PZ-7 and 17-7.7, or 100 nM 
r-SC lor vrobes and vs-zh. hcW Tnc aeotuon of Mk<.i„ j ki nl or eaclj sample was itcatcu 



marten for qucncluiig is nut the avcraf 
distance between G-i-WM and TAMR 
but, rather, how close TAMRA can get l 
6»!»AM during die lifenme of the 6-FAI 
excited state. As long as u«c decay time i 
the excited state, is relatively long con 
pared with the molecular motions of tt 
oligonucleotide, quenching can occu 
Thus, we propose that TAMRA at the • 
end, or any other position, can queue 
6-FAM at the V end because TAMRA Is 1 
proximity to fi-KAM often enough to t 
able to accept energy transfer from a 
CXdtCd 6-FAM. 

Details of the fluorescence mcasun 
ments remain puzzling. For example. Ti 
bit 3 shows that hybridization of probe 
Al-26, A3-24, and P5-28 to their complc 
mentary strands not only causes a larp, 
increase in 6-FAM fluorescence at 51 
nm but, also causes a modest Increase r 
TAMRA fluorescence at 582 nm. ] 
TAMRA Is being excited by energy trans 
fer from quenched 6-rAM, then loss c 
quenching attributable to hybrldizatloi 
should cause a decrease In the fluorc 
cence emission of TAMRA. The fact tha 
the fluorescence emission of TAMRA In 
creases indicates that the. situation t 
more complex. For example, we have an 
ecdmal evidence that the bases of th. 
oligonucleotide, especially <i, quenc) 
the fluorescence of both 6-FAM an< 
TAMRA to some degree. When double 
stranded, base-pairing may reduce thi 
ability of the bases to quench. The prl 
ruary factor causing the quenching o 
6-yAM in on intact probe is the TAMR/ 
dye. Evidence for tlie import jn<* o 
TAMRA is that 6 RAM il 
remains rclaUvcly undiongcd wlici 
probes labulv^J uiily with 6-l : AM are use( 
In the .S' nuclease l'CR assay (data no 
shown). Secondary eflcctors of fluores 
cc-nce, both before and afiei cleavage o 
the probe, need to be. explored further. 

Regardless of the physical mocha 
nlsm, the relative Independence of posl 
tion and quenching greatly slmplLfiei 
tlie design of probes for the S' nuclcaw 
PCR asNay. There are three main factor: 
that determine the performance of £ 
double-labeled fluorescent probe In Ux 
V nuclease PCR assay. The first factor Is 
the degree Ol quenching observed In Uw 
intact probe. Tlils is characterized by the 
value of RQ' , which Is the ratio of re- 
porter to quencher fluorescent cmis 
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HCURE 3 Wf«t <bf Mg' 1 eoricentrdtion An RQ ratio for the Al series of proljes. The fluorescence 
emission Intensity at 518 and 582 run was measured for dilutions containing SO i\m probe, 10 dim 
Trlt-HC) (pH 6.3), 50 mM KCI. And varying arnounu (0-10 mu) of MgCl 2 . "Joe calculated HQ 
ratios (51 8 nm Intensity divided hy SHZ tint intensity) an- plolU'il vs. MgClj concentration (mM 

M«). 'Hik kwy (uftjtet light) aliuwa llic jikjW i'Abiu'hiiM. 



dyes used, spacing between reporter and 
quencher dyes, nucleotide sequence 
context effects, presence of structure or 
olliei faciuii dial induce flexlbiliiy of 
tt>e Oligonucleotide, and purity of the 
probe. The second factor is the efficiency 
of hyhiidiialion, which depend* on 
probe T m , presence of secondary struc- 
ture In probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor is the efficiency at 
which Taq DNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation that mismatches in the 
segment between reporter and quencher 
dyes drastically reduce the cleavage, of 
probe.'" 

The rise in RQ' values for the Al se- 
rics of probes seems to Indicate that the 
degree of quenching is reduced some- 
what as the quencher is placed toward 
the i' end 'I he lowest apparent quench* 
ing Is observed for probe Al-19 (see. Fig. 
3) rather than for the probe where the 
TAMRA Is at the 3' end (ai-26). This is 
•understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than ihe conformation 
of an Internal position. !n effect, a 
quencher at the 3' end is freer w adopt 
conformations close to the 5' reporter 
dye than is an internally placed 



eh« 



probes, the interpretation of RQ values 
is less clettr-cut. The A3 probes show the 
same trend as Al, with the 3' TAMRA 
piobc having a larger RQ than ihv In- 
ternal TAMRA probe. I : or the P2 pah, 
both probes have about the same RQ" 
value. For the PS probes, the RQ for the 
3' probe is less than for the Internally 
labeled probe-. Another factor that may 
explain some of the observed variation » 
that purity effects the RQ" value. Al- 
though all probes are HPI.C puiified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ . 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher appare-ntly eau 
have a large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA on the second nu- 
cleolldc tr.duc.es the Cffkicney of cleav- 
age to almost xcro. For the AS, V2, and P5 
probes, ARQ Is much greater for the 3' 
TAMRA probes as compared with the. In- 
ternal TAMRA probes. Tills Is explained 
most easily hy assuming tlml piobe* 
with TAMRA at the 3' end are more likely 
to be cleaved between leportet and 
quencher than art probes with TAMRA 
attached internally. ! : or the A1 probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ docs 
not Increase when the quencber is 
nlarexl rinwr tn thf .V end. This illus- 



trates the importanff of hplng able to 
use probes with a quencher on the A' 
end in the 5' nuclease PCR assay. In this 
esjay, an increase In the intensity of re- 
porter fluorescence is observed only 
when the probe Is cleaved between lite 
reporter and quencher dyes. By placing 
the tupojLur and queuclic-i dyes oil Uto 
opposite «nds of an oligonucleotide 
probe, any cloavago that occurs will be 
detected. When the quencher Is uttaehed 
to ait Internal nueleotldu, uomutlmcs tins 
piobe wurb well (Al-7) arid other times 
not so well (A3-6). The relatively poor 
performance of probe A3 -6 presumably 
means the probe Is being cleaved 3' to 
the quencher rather than between tlic 
tncpnrtpr and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PCR prod- 
uct in the it' nuclease PCJR assay is to use 
a probe with the reporter and quencher 
dyCtt on uppositt! ends. 

Placing the quencher dye on the 3' 
end may also provide a slight bonellt In 
terms of hybridisation efficiency. I1ic 
presence of a quencher attached to an 
Internal nucleotide might be. expected to 
disrupt base-pairing and reduce the T m 
of a prol>e. in fact, a 2 n C*-A"C. reduction 
in T m hns been observed for two probes 
With internally attached TAMkAs.'''* litis 
disruptive effect would be minimized by 
placing the quencher at the 3' end, Thus, 
probes with t»' quenchers might exhibit 
nlightly higher hybridi/wtipn efficiencies 
Utuil piobeS willi Internal uiicncheix. 

The combination of increased cleav. 
age and hybridisation efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
will i internally labeled probes. This tol- 
erance of mismatches can be advanta- 
geous, as when trying to use o single 
probe to detect POR-amplified products 
front sani|>levuf uiffeienl species. Also, 11 
mean's that cleavage of probe during PGR 

Is Im sensitive- to alteration!. in t*l\< 

neallng temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. Ix>c 
ct *\P> demonstrated that aliele-speclflc 
probes were cleaved between reporter 
and quencher only when hybridized to a 
perfectly complementary target. This al- 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AFS03 mutant, Their probes had TAMRA 
attached to the seventh nucleotide from 
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figure 3 Effect of Mg 6 1 eontiwuratkin on RQ ratio for the A3 series of probes. The flwjrwuwmci! 
emission intensity al 51 8 and 582 nm was measured fur solutions containing SO ivm probe, JO mM 
Trix-lia (pH 8.3), 50 mM Kd, and varying amounts (0 10 mM) of MgCI*- The calculated RQ 
ratios (sih nm Intensity divided by Shz m>i intensity) arc plotted vs. MgCl 2 conccntwti<m (?«m 
Mr). The key (upper light) shows the probes examined. 



dyes used, spacing between reporter and 
quenchei dyes, nucleotide sequence 
rantext effects, present?. »i structure or 
other factors that reduce flexibility of 
the oligonucleotide, and purity of the. 
probe. The second factor is tne efficiency 
of hybridization, which depends on 
probe 7' m , presence of secondary struc- 
ture In probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor is the efficiency at 
which Taq UNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation that mismatches in the 
segment between reporter and quencher 
dyes drastically reduce the cleavage of 
prohe. <l> 

The rise in RQ values for the Al se- 
ries of probes seems to Indicate that the* 
degree of quenching is reduced some, 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
ing is observed for probe A1-19 (see flg. 
3) rather than for the probe where the 
TAMRA is at the 3' end (Al-26). This is 
-understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
of an internal position. In effect, a 
quenchet ar the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placed 
quenchei. ¥oi the other three sets of 



probt-s, (lie interpretation of RQ' values 
is less clear-cut. The A3 probes show the 
same trend as Al, with the 3' TAMRA 
probe having a larger RQ" thnri Ok; in- 
ternal TAMRA probe. For the V2 pair, 
both probes have about the same RQ 
value. Por the I'S probes, the RQ' for the 
3' probe is less than fvw the inleulftlly 
labeled probe, Another factor that may 
explain some of the observed variation Is 
that purity affects the RQ" value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ . 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quenchei apparently can 
have a large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA Oil the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost zero. l ; or the A3, P2, and PS 
probes, ARQ is much greater for the. 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This Is explained 
most easily by assuming that probes 
with TAMRA at the 3' end are more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached Internally. Por the Al probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not Increase when the quencher Is 
placed closer to the 3' end. This lllus- 



tratos the Importance of being able to 
use probes with a quencher on the 3' 
end In the 6' nuclease I'CK assay. In this 
assay, an Increase in the intensity of r« 
porteT fluorescence I* ob«orv«d only 
when the probe Is cleaved between the 
reporter and quencher dyes. l*y plnvlng 
the reporter and quencher dy«» on the 
opposite ends of an oligonucleotide 
probe, any cluaviigi' that occurs will W. 
detected. When ?he quencher 1X attached 
to in intc-iual nucleotide, komotliiuii ibe 
probe worlu well (,Al-7) and other times 
not so well (A3.6). The relatively poor 
performance of probe A3-6 presumably 
means the probe is belnn cleaved 3' to 
the. quencher rnthcx than between the 
reporter and quencher, 'rhe.rf.fofe, the 
best chance of having a probe that reli- 
ably detects accumulation of PCR prod- 
uct in the -V nuclease VCJf. assay is to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit in 
terms oi hybridization efficiency. The. 
presence of a quencher attached to an 
iutentul nucleotide mi&hl be expected to 
disrupt base-pairing and reduce the T, n 
of a probe. In fact a 2*C-3*C reduction 
in T m has been Observed for two probes 
with internally attached TAMRA*/ 9 ' This 
disruptive effect would be minimised by 
placing the quencher at the 3' end. Thus, 
probes with 3' quenchers might exhibit 
slightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of increased cleav. 
age and hybridization efficiencies means 
that probes with 3* quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
with internally labeled probes. This tol- 
erancc of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCR-amplified products 
from samples of different species. Also, it 
means that cleavage of probe during PCR 
is less sensitive to alterations In an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination, l^e 
et al,*" demonstrated that ullcle-speclfic 
probes were cleaved between reporter 
and quencher only when hybridized to a 
perfectly complementary target. This al* 
lowed them To distinguish the normal 
human cystic fibrosis allele from the 
mutant. TheiT probes had TAMRA 
attached to the seventh nucleotide from 
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Um .V end and wcto designed so that any 
mismatches were between the reporter 
and quencher. Increasing the distance 
betv/aan reporter and qup.rtch<tr would 
lessen lh<< disruptive, effect of mis- 
matches and allow cleavage of the probe 
on the incorrect target. Thus, probes 
with a quencher attached to an internal 
nucleotide may still be ucoful for allelic 
discrimination. 

In this study lost of ouonchlng upon 
hybridization was used to show that 
quenching by a 3' TAMRA Ix dependent 
on the flexibility uf a single-stranded oli- 
gonucleotide. The Increase in reporter 
lluoresceiiw- intensity, though, could 
Also be uied to determine whether hy- 
bridlzatlon has occurred or not. Thus, 
oligonucleotides Willi reporter and 
quencher dyes attached at opposite ends 
should also be useful at hybridization 
probes. The ability to delect hybridiza- 
tion in real time means that these probes 
could be used to measure hybridization 
kinetics. Also, this type of probe could be 
used to develop homogeneous hybrid- 
inition assays for diagnostics or other ap- 
plications. Bagwell Ct al. (l0) describe just 
this type of homogeneous assay where 
hybridization of a probe causes an in- 
waso in fluorescence caused by a loss of 
quenching. However, they utilized a 
complex probe design that requires add- 
ing nucleotides to botli ends of the 
probe sequence to form two imperfect 
hairpins, ine results presented here 
demonstrate that the simple addition of 
a reporter dye to one end of an oligonu- 
cleotide and a quencher dye to the oilici 
<»nd generates a fluorogonlc probe that 
can detect hybridization or I'CH atnpllfl- 
cation. 
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